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Despite the increasingly positive role of portable communication technologies for socioeconomic development and
their growing use in global health and other emergency contexts, several challenges still hinder exploring the full
potential of mobile phones as effective mitigation tools in natural disasters, public health emergencies and in the
aftermath of extreme disruptive events. Mobile devices are designed and advertised to withstand predominantly the
demands of normal daily situations, being fraught with fragilities that limit their utility for effective communication
and coordination of help in emergency situations. We discuss ways to overcome some of these limitations in the
future by the incorporation of features to increase their resilience and effectiveness as aid tools at relatively low cost.
Improvements in autonomous energy generation and use, based on existing and rapidly emerging technologies, as
well as further improvements in physical durability and off-line operability are encouraged. We also identify the
possibility to combine capabilities from other devices, such as space-based telecommunication systems and
traditional two-way radios, to enhance the utility of mobile devices for these applications. The solutions we propose
can help millions of citizens around the world to manage the risks and impacts of natural and health-related hazards.
They should also promote further resilience to avoiding and recovering from such events, especially in vulnerable
regions with limited infrastructure.
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We just celebrated the 40th anniversary of the first call
made from a mobile phone (BBC 2013). Since then, an
extraordinary technological revolution has been unleashed,
enabling three-quarters of the world population (and much
of the developing world) to have access to this powerful
communication device at all times (The World Bank
2012). Nowadays, more people in the world have access to
mobiles than to basic sanitation. Almost everywhere, indi-
viduals are in constant contact with peers, family, business
partners, service providers and an ever growing number of
information sources. The rippling effects brought about
by these ubiquitous communication opportunities on the
living standards of populations include the creation of job* Correspondence: wladimir.alonso@nih.gov
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in any medium, provided the original work is popportunities, the promotion of political transparency, the
early containment of epidemic outbreaks, the early warning
of hazards and the possibility to scale up global health sys-
tems (The World Bank 2012; The Economist 2009a; The
Economist 2009b; Quadir 2005; Lester & Karanja 2008;
BBC Media Action 2012; The Economist 2007).
Mobile phones have also played an increasingly positive
role as disaster relief tools. Since the year 2000, natural
disasters and extreme weather events have caused over one
million deaths and directly affected more than 2 billion
people (Guha-Sapir et al. 2013). In addition to mass injury
and death, common features of such disasters include
damage to infrastructure, difficult access to basic goods,
overburden of emergency and medical services and fre-
quent isolation of victims. Although we currently count on
sophisticated forecast and response systems (such as early
assessment of hurricane paths or of the likelihood of a new
disease spreading), new vulnerabilities are also present due
to the increasing complexity of infrastructures and rapidn Open Access article distributed under the terms of the Creative Commons
g/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction
roperly credited.
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logically and/or meteorologically vulnerable), interdepend-
ency of technologies and their massive use by growing
populations (Kenett & Portugali 2012). In such contexts,
the use of mobile phones can be critical, particularly in
light of the likely collapse of terrestrial telecommunication
infrastructures following a disaster (Patricelli et al. 2009;
Townsend & Moss 2005).
However, several challenges still constrain the greater po-
tential that mobile phones offer as effective mitigation tools
in the aftermath of disasters and in other emergencies. For
example, during earthquakes, hurricanes, floods, pandemics
and other severe disease outbreaks, economic, societal and
personal infrastructures are severely affected and govern-
mental capabilities become quickly saturated due to the
sheer demand for assistance. Although in such cases timely
communication, information gathering and coordination
are crucial to assist those in need, the availability, proper
functioning and supporting infrastructure of mobile tech-
nologies is still fraught with fragilities and limitations that
prevent them from being fully effective (Patricelli et al.
2009; Townsend & Moss 2005; West & Valentini 2013;
Guo & Su 2012; Effros et al. 2010; The Telegraph 2011;
Napolitano 2009; Xia 2011; Palen & Liu 2007; Yang et al.
2009; Zook et al. 2010). Here we discuss ways forward to
overcome these limitations, proposing the incorporation of
features to increase their resilience and effectiveness as
mitigation tools at relatively low cost. Some of the measures
proposed are not tied to daunting technological demands,
but simply require unlocking capabilities already available,
and affordably. Although our focus is mainly on natural
disasters and global health crises, the solutions we identify
are also useful to manage a wide range of emergencies
that routinely affect millions of people around the world,
especially in vulnerable and highly populated regions.
The potential of mobile phones as effective aid tools
We consider two major mobile phone categories: cell
phones and smartphones. In addition to voice communica-
tion and text messaging capabilities, cell phones can in-
clude features such as digital cameras and radio receivers.
Smartphones share these features, but have also become
powerful computing machines that can handle complex
tasks and accommodate a wider array of human-centric
sensor devices (Srivastava et al. 2012). Those capabilities
are increasingly explored through the development of soft-
ware applications across a vast array of themes, including
those useful for emergency preparedness and response
(West & Valentini 2013). However, cell phones are cheaper,
have more energy autonomy, and are still the device of
choice among developing nations and regions, and more
vulnerable populations (like the elderly), so they should not
be overlooked for planning and preparedness purposes.
Moreover, while some smartphone apps are also useful off-line, they still require access to a data network to be in-
stalled or run, hindering their usefulness when data trans-
fer is not possible. Other communication devices such as
tablets, computers and land-lines share several of the cap-
abilities mentioned. However, the ubiquity of mobile
phones at all times makes them uniquely suited as a critical
resource for assistance in unexpected and disruptive sce-
narios, hence we will focus mainly on these devices.
We first briefly consider major fronts where current cap-
acities and improvements in mobile phones can harness
the power of rapidly developing technologies to serve
society, especially in the fields of human health, environ-
ment and humanitarian assistance, alerts and emergencies.
Distress calls and establishing first line of contact
Mobile phones already represent the main means to estab-
lish the first line of contact to ask (or offer) help, and to ob-
tain information through which help can be offered and
achieved, and about the situation of relatives and friends.
This is, by far, the most important and useful service that
mobile devices offer under dire scenarios. Accordingly,
most of the suggestions we will discuss are aimed to secure
such capabilities under a wide range of stressing conditions.
Receiving critical information
When other means of communication (TV, radio, com-
puters) are not accessible (e.g., out of reach or impaired),
mobile devices can be the only source of information on
evacuation plans and procedures, on the availability of
shelters and other facilities, services and resources, weather
forecasts, survival recommendations and other arguably
life saving information.
Disseminating data and information to aid agencies
During earthquakes, hurricanes, floods, pandemics and
other severe disease outbreaks, economic, societal and per-
sonal infrastructures are severely affected and governmen-
tal capabilities become quickly saturated due to the sheer
demand for assistance. In such contexts timely communi-
cation, information gathering and coordination are crucial
to assist those in need. Mobile phones can provide infor-
mation and coordination of help to victims and vulnerable
individuals, enable rapid data collection (Lurie et al. 2013)
and even track in real-time population movements in the
context of relief efforts (Bengtsson et al. 2011).
Other applications
Other potential uses may range from those of psychological
nature (as they can comfort and even entertain victims,
helping lower panic and distress levels) to support of on-
site data gathering and parallel computing processing just
to name a few. For example, crowd sourcing to collect
critically important information about a given situation or
on a sustained basis to develop long-term records about
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being considered by a wide range of organizations at the
national and international levels.
These applications are intended to serve only as exam-
ples of practical and innovative ways that mobile devices
can be used in service to society, and should not be
viewed as an exhaustive list. In the next section we iden-
tify some of the current fragilities of mobile devices that
limit their use for such conditions and applications, and
propose the use of existing and emerging technologies
to make them more resilient and useful in the future.
Existing fragilities and proposed solutions
Critical capabilities are needed to ensure that mobile
phones can serve at least the most essential roles previously
discussed. Among obvious features, physical durability, en-
ergy autonomy, and network availability are most essential.
But other features such as redundancy of frequency chan-
nels for communication are also important to turn these
devices into effective aid tools in emergencies. We highlight
current capabilities and limitations, and propose solutions
based on existing and emerging technologies.
Off-line operability
Both communications and access to remotely stored in-
formation are interrupted when the network structure of
mobile operators is damaged. In such cases, off-line fea-
tures can provide assistance.
One such important off-line feature has unnecessarily
vanished, or is deactivated, from many modern mobile
phones: the radio receptor. Although news, music and
information can now be streamed directly from data net-
works through smartphone apps, direct access to radio
stations should not be considered redundant. Data-
streaming requires that several antennae and terrestrial
structures provided by mobile operators function prop-
erly, whereas the signal from each radio station is broad-
casted independently. Only one radio station suffices for
the mobile user to make use of it. Radio stations have
been shown to be important in crises (Xia 2011; Covello
& Hyer 2007; Baze 2012; National Association Broad-
casters (NAB) 2013), and when combined with social
media (if accessible) their impact can be largely ampli-
fied (BBC Media Action 2012). The National Association
of Broadcasters states that the top 10 phones in the
marketplace already include radio chips that are simply
not activated (Murray 2010). Given the ease of reactivat-
ing radio receptors into mobile devices, their inclusion
or activation in all future devices would be highly advis-
able. Moreover, because the costs of keeping an already
existing feature would be likely very low, educating con-
sumers about its effectiveness in emergency and disrup-
tive scenarios could also contribute to a greater market
penetration of these devices.Another off-line feature that can be of great value in a
disaster is geolocation capability. GPS access signals dir-
ectly from satellites, hence does not necessarily depend on
internet and data services. However, maps currently in use
often access data in real time from on-line sources, ren-
dering the information provided by the GPS nearly useless
if map data cannot be downloaded. Users should thus al-
ways have a back-up map of their homes or destination
and surroundings. Some smartphone apps that can work
off-line that do not rely on or require a data network to
run can be also useful (West & Valentini 2013).
Energy autonomy
The short battery life of most smartphones (Neild 2013) is
a major limitation in emergency situations. Electrical grids
can be severely damaged following a disaster, and although
a few hours of autonomy may suffice for emitting the first
distress calls, most emergencies last much longer. In life-
threatening circumstances (such as when victims are
under the rubble) the interruption of service can be fatal
or cause major damage (Daily Mail Reporter 2011).
Cell phones often have more autonomy, usually several
days, as they lack the power-hungry screens and proces-
sors of smartphones. Indeed, they have already proven
useful during power outages or breakdowns in developing
countries (Bengtsson et al. 2011), and are a suggested
back-up means of communication even for smartphone
users (Stout & Neild 2013). While this may be wise advice,
it is unlikely that most smartphone users will constantly
carry two devices.
In addition to improving energy autonomy, creative
methods of charging mobile phones should be consid-
ered. Solar cells, physical motion chargers, micro-fuel
cells and external batteries can be purchased separately
to provide greater autonomy. Interestingly, solar cells
based on nano- and thin-film technologies that are em-
bedded in or integrated in mobile phones are promising
technologies. For example, solar powered phones were
distributed in the aftermath of the catastrophic earth-
quake in the Chinese province of Sichuan during efforts
to recover mobile communication (Guo & Su 2012; Yang
et al. 2009). Some of those solutions could be integrated
into future phones.
Alternative channels of communication
Where fiber optic cables and electricity are still operational
(no doubt an optimistic scenario in a major catastrophe)
the Internet or other packet-switched networks could still
be used (Murray 2010). But if mobile phone networks are
down or overloaded, alternative channels of communica-
tion that are independent of external infrastructure
(towers, cables) should be considered. One example is the
critical role played by amateur and FRS/GMRS radios
(Baze 2012). Ad-hoc networks by which each mobile
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devices also represent a promising technological avenue
(Effros et al. 2010; Australian Broadcast Corporation ABC
2010). Another possibility is the integration of two-way
radio channels into mobile devices, opening opportunities
for close range communication (Zhou et al. 2012). There
are also existing satellite phones which do not depend on
the terrestrial infrastructure (Baze 2012). Indeed, those
were the only devices that could be operated by medical
relief teams in the aftermath of the Great East Japan
Earthquake in 2011 (Fuse 2011). The ability to access
space-based telecommunication networks directly, and
affordably, from mobile phones would greatly increase
resilience to disasters.
Physical durability
Durability and ruggedness is not a common feature of
most mobile phones. A quick glance at footages of natural
disasters suggests that most currently available devices
would likely become inoperable under the physical stress
imposed during such events. In what is perhaps the early
rise of a welcoming trend, some devices are under devel-
opment with sturdier features such as shock resistance
and water proofing (CNET 2013). The technology to
improve the ruggedness of mobile phones, for example
by using carbon fiber materials, is already available, and
manufacturing costs do not seem to be a major barrier.
Distress mode
Individuals who need to let others know about their
whereabouts could greatly benefit from the activation of
a distress mode in their devices. While saving as much
energy as possible (e.g. by turning off non-essential fea-
tures), a distress mode could regularly send pulse sig-
nals, which could be composed of a sound, a flash, and a
radio signal containing data with personal information
of medical relevance and individual location. This fea-
ture could be based on existing Personal Locator Bea-
cons, SPOT Personal Trackers and the Iridium satellite
system (Baze 2012) and could be built based on Digital
Distress Identifiers that are already used by medically
impaired costumers and as personal emergency alerts in
accidents, as well as personal, community, state and re-
gional emergencies. Even if victims fell unconscious, this
feature (which could be built-in to enable its activation
manually, by a voice command or even remotely by an-
other device using a secure protocol) would increase the
possibilities of a successful rescue.
Network resilience
Although mobile phone networks are relatively resilient
to external shocks, disasters can affect power supply,
destroy towers, and cause complete loss of functionality
(Townsend & Moss 2005; West & Valentini 2013;Bengtsson et al. 2011; Bengtsson et al. 2011; Baze 2012).
During the superstorm Sandy in 2012, which took place in
one of the most developed and prepared places on Earth,
mobile phone networks were frequently down (Allen 2012;
The Economist 2012). Network data links should therefore
be not only more resistant to damage, but also redundant,
diversified and able to activate back-up systems when an-
tennas and cables are damaged (Patricelli et al. 2009; Xia
2011; Fuse 2011). There is not much that consumers or
manufacturers can do in this regard (other than promote
redundancy by allowing mobile phones to use more than
one network provider in the same device). Ultimately, the
resilience of the communications network is a matter of
national security. It is thus up to governments to detect
fragilities in the system and overcome them by appropriate
investments and implementation of a legal framework
through which this can be achieved.
Conclusion
Most people live their entire existence without direct
experience of major collective disasters. This shapes our
perceptions as consumers and the features we seek in
the products we purchase, which in turn guide the
development and design of those products. But major
public emergencies do happen and are in fact frequent
worldwide (Lurie et al. 2013). Although mobile commu-
nication devices have already proven to be extraordinary
aid tools in these situations (The Economist 2009a; BBC
Media Action 2012; The Economist 2007; West & Valentini
2013; The Telegraph 2011; Chen 2010), much more can
be done to minimize their fragilities and increase their
effectiveness. We believe that such concerns should be
taken into account by consumers, policy makers, designers
and manufacturing companies.
The features that make a mobile phone commercially
attractive to daily use are not necessarily incompatible with
those that make it useful in case of emergencies. For ex-
ample, the improvement of battery life and physical resist-
ance are not only critical in collective emergencies, they
may also eliminate daily nuisances. This may be particu-
larly important in developing and low income settings,
where over 80% of the world population lives. In such
cases, features such as robustness and battery life are
expected to be even more crucial (e.g., if access to electri-
city is costly or unreliable). For example, a study among
Bangladeshi students found that battery life was more
important in purchasing decisions than the presence of a
camera, color display, sound performance, memory cap-
acity, style and even price (Siddique et al. 2013).
Other features, including the introduction of distress
radar emission signals or walk-talk capabilities, could
nevertheless increase costs. In such cases, consumers
can be informed on the potential uses of such features,
so they can create the demand for the market to fulfill.
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predominantly on software and application development,
but largely takes hardware specifications for granted. But
improvement of key features can make a difference in
critical contexts, as even simple voice or text communi-
cation is not possible when devices – or their supporting
infrastructure – are impaired. Important features can be
incorporated by policy or by educating consumers (hence
manufacturing companies) on the specifications that can
be helpful in emergency conditions. With few exceptions
(such as ensuring that all devices can receive radio signals),
we favor the market-based approach, as regulatory mea-
sures quite often can dampen competition and innovation,
and may hamper what is perhaps the most useful feature
of mobile phones in a disaster: their ubiquity and vast
penetration.
Companies and individuals who made the mobile
revolution possible are the embodiment of how techno-
logical innovation and creativity can speed up the
achievement of well-being for billons of individuals. In
fact, the widespread use of the technological wonders
represented by mobile phones may prove to be one of
the greatest allies in the management of natural disas-
ters, public health emergencies and humanitarian crises.
Part of this extraordinary potential has already been
achieved in currently available devices. However, even
more would be possible if we can ensure robust commu-
nication for all those trapped in all too common “un-
thinkable” situations.
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